Biophysical properties of ClC-3 differentiate it from swelling-activated chloride channels in Chinese hamster ovary-K1 cells.
ClC-3 is a highly conserved voltage-gated chloride channel, which together with ClC-4 and ClC-5 belongs to one subfamily of the larger group of ClC chloride channels. Whereas ClC-5 is localized intracellularly, ClC-3 has been reported to be a swelling-activated plasma membrane channel. However, recent studies have shown that native ClC-3 in hepatocytes is primarily intracellular. Therefore, we reexamined the properties of ClC-3 in a mammalian cell expression system and compared them with the properties of endogenous swelling-activated channels. Chinese hamster ovary (CHO)-K1 cells were transiently transfected with rat ClC-3. The resulting chloride currents were Cl(-) > I(-) selective, showed extreme outward rectification, and lacked inactivation at positive voltages. In addition, they were insensitive to the chloride channel blockers, 5-nitro-2-(3-phenylpropylamino)-benzoic acid (NPPB) and 4, 4'-diisothiocyanostilbene-2,2'-disulfonic acid (DIDS) and were not inhibited by phorbol esters or activated by osmotic swelling. These properties are identical to those of ClC-5 but differ from those previously attributed to ClC-3. In contrast, nontransfected CHO-K1 cells displayed an endogenous swelling-activated chloride current, which was weakly outward rectifying, inactivated at positive voltages, sensitive to NPPB and DIDS, and inhibited by phorbol esters. These properties are identical to those previously attributed to ClC-3. Therefore, we conclude that when expressed in CHO-K1 cells, ClC-3 is an extremely outward rectifying channel with similar properties to ClC-5 and is neither activated by cell swelling nor identical to the endogenous swelling-activated channel. These data suggest that ClC-3 cannot be responsible for the swelling-activated chloride channel under all circumstances.